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I. Abstract 
A diet study of swordfish, Xiphias gladius, was conducted in the Straits of Florida 
from April 2007 to December 2008.  The stomachs of 131 swordfish were analyzed. 
Thirteen species of teleosts, three species of cephalopods, and one species of crustacean 
were observed in the diet.  Cephalopods dominated the swordfish diet by weight 
(73.38%), number (69.90%), and occurrence (80.91%) and ranked highest in importance 
in the diet when calculating the index of relative importance (IRI).  Teleosts followed by 
weight (25.16%), number (26.34%), occurrence (68.18%), and IRI (3,510.97).  The prey 
species with the greatest dietary importance was Illex sp followed by unidentifiable 
ommastrephids.  Stomach fullness index (SFI) was calculated ranging from 0 (empty 
stomachs) to 3.57.  Additionally, correlations for juvenile male swordfish length and prey 
length (r²=0.647) as well as female adult swordfish weight and prey weight (r²=-0.327) 
were found to be significant. Overall feeding seasonality showed that swordfish primarily 
fed on teleosts (58%) in the spring, cephalopods (70%) in the summer, and cephalopods 
(75%) in the winter. When considered individually, female, male, and adult swordfish 
followed this pattern; however juveniles did not follow the overall feeding trend 
according to season.  They fed regularly on cephalopods during spring (57%) and 
summer (61%) consuming the highest abundance of cephalopods during the winter 
(85%). Overall, swordfish appeared to be opportunistic feeders altering its food choices 
when abundance of prey may have changed or when food items were present.    
 
II. Key Words: swordfish, Xiphias gladius, feeding, opportunistic, seasonality, 
cephalopods, teleosts 
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III. Introduction  
Broadbill swordfish are highly valuable throughout the world.  Improved 
management and preservation of this species can further be facilitated by greater 
understanding of their ecological role.  Swordfish provide a significant role in the food-
web.  As top predators, they transfer energy between lower trophic levels within the 
marine ecosystem (Wetherbee and Cortés 2004).  As ecosystem structure changes, the 
energy flow through the food web changes, and is often reflected in changes at the top of 
the food chain (Boyd et al. 2006).  Therefore, it is important to understand the diet of 
swordfish to better manage these organisms.  
Swordfish diet composition studies have been conducted in the eastern Atlantic 
(Moreira 1990; Clarke et al. 1995; Hernández-García 1995), western North Atlantic 
(Scott and Tibbo 1968; 1974; Stillwell and Kohler 1985; Guerra et al. 1993; Chancollon 
et al. 2006), western South Atlantic (Castillo et al. 2007), eastern Pacific (Markaida and 
Hochberg 1995) western Pacific (Young et al. 2006), western Indian oceans (Potier et al. 
2007), and Mediterranean Sea (Bello 1991; Salman 2004; Peristeraki et al. 2005),  (see 
Table 1).  However, little is known about the diet composition of swordfish within the 
U.S. Florida Straits, despite the presence of locally important commercial and 
recreational fisheries.  
Previously, Toll and Hess (1981) conducted a swordfish diet study in the U.S. 
Florida Straits; however, that research focused primarily on cephalopod prey.  Although 
the authors included the number of teleost prey remnants, they did not identify these prey 
items to the lowest possible taxa.  In order to further understand the diet of the swordfish, 
analysis of all prey items should be taken into account.  Observing seasonal differences in 
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swordfish diets may also indicate alterations in trophic levels when food availability 
changes, and may suggest ontogenetic shifts in feeding.  Increased understanding of the 
ecological role of swordfish within the U.S. Florida Straits may be beneficial in the 
creation of management strategies for swordfish, as well as their predators and prey.  
Swordfish are considered one of thirty Highly Migratory Species (HMS) fishes 
under the United States Magnuson-Stevens Act.  The HMS Management Division is a 
division of the National Oceanographic and Atmospheric Administration (NOAA) 
National Marine Fisheries Service (NMFS), and regulates tunas, sharks, swordfish, and 
billfish.  Highly Migratory Species have a wide geographic distribution and often migrate 
considerable distances to forage for food and/or reproduce.  Internationally, HMS fishes 
are managed by four major organizations: the International Commission for the 
Conservation of Atlantic Tunas (ICCAT), the Inter-American Tropical Tuna Commission 
(IATTC), the Indian Ocean Tuna Commission (IOTC), and Western and Central Pacific 
Fisheries Commission (WCPFC).  ICCAT manages swordfish throughout the Atlantic 
Ocean and Mediterranean, in the eastern tropical Pacific, IATTC is the managing body, 
the IOTC oversees the Indian Ocean and the WCPFC manages the central and western 
Pacific Ocean.  
ICCAT manages the Atlantic Ocean and Mediterranean Sea by making 
recommendations based on coordinating research such as stock assessments, compiling 
fisheries statistics from contracting parties, and producing scientific publications. 
However, ICCAT does not enforce these regulations.  In the United States, NMFS 
implements and enforces the recommendations from ICCAT within the domestic 
Economic Exclusive Zone (EEZ; generally 200 nautical miles from the coastline) as well 
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as U.S. registered vessels fishing outside the U.S. EEZ.  They are able to implement other 
management measures such as the closer of a nursery area, though they are not able to 
increase or decrease the U.S. swordfish yearly quota (Govender et al. 2003).  Countries 
that are ICCAT member nations and border the Mediterranean Sea, Black Sea, and 
connecting waters are individually responsible for implementing ICCAT regulations and 
reporting catches to the organization in a timely manner; however, ICCAT also 
recognizes that there may be several countries that fish in the Mediterranean Sea and do 
not report their catch data to the ICCAT or the U.N. Food and Agriculture Organization 
(FAO; ICCAT 2008). 
Swordfish have a wide distribution, between latitudes 45º N and 45º S (Palko et 
al. 1981). Throughout the Atlantic Ocean, three distinct stocks are recognized by ICCAT: 
the North Atlantic, South Atlantic, and Mediterranean stocks (Margoulas et al. 1993; 
Kotoulas et al. 1995) with the North Atlantic and South Atlantic stocks separating at 5° N 
(ICCAT 2008).  Swordfish stocks are managed separately as they may have different 
biological characteristics and fishing pressures (Ward and Elscot 2000).  For instance, 
Mediterranean swordfish have faster growth rates and mature at a younger age than 
Atlantic swordfish (de Metrio and Megalofonou 1987; Megalofonou et al. 1995).  
Genetic data also continues to refine these distinctions: a recent study by Viñas et al. 
(2008) suggests that there is no genetic differentiation between northeast Atlantic 
swordfish (from 34° N and 10° W) and Mediterranean swordfish.  Since 2006, ICCAT 
recommendations have included a broader coverage of genetic sampling and an increase 
in tagging studies to help delineate boundaries between all stocks (ICCAT 2007).   
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Little is known about swordfish migration, other than it is thought to be complex 
and multidirectional (Palko et al. 1981; Mathews et al. 2009). Adults are thought to 
migrate primarily for purposes of spawning and feeding (Ward and Elscot 2000).  To 
date, tagging studies show that there is no definite trend of swordfish moving farther 
away from the tagging location with increased time of tag release (Sedberry and Loefer 
2001).  However, they do show that swordfish can travel extended distances in a short 
amount of time (Sedberry and Loefer 2001; Canese et al. 2008).  The furthest straight-
line travel was 3,050 km (Mathews et al. 2009).   Although swordfish travel great 
distances, some swordfish were found to inhabit local areas suggesting the presence of 
temporary resident populations (Sedberry and Loefer 2001).  
Swordfish move vertically throughout the water column, displaying diel patterns 
of feeding (Carey and Robison 1981; Canese et al. 2008).  Feeding takes place at night 
near the surface (0-90 m), and swordfish may return to greater depths from 650-900 m by 
day (Carey and Robison 1981; Matsumoto et al. 2003; Takahashi et al. 2003).  During the 
day, swordfish move inshore swimming near the bottom, feeding on demersal fish that 
move over the banks (Carey and Robinson 1981; Young et al. 2006).  During the day, 
swordfish have even been observed resting on the bottom (Carey and Robinson 1981).  
At night, swordfish move offshore to feed on vertically migrating organisms such as 
squid, which concentrate near the surface at night (Carey and Robinson 1981; Young et 
al. 2006).  The swordfish diet is thought to consist mainly of crustaceans, fish, and squid 
(Palko et al. 1981).  According to Tibbo et al. (1961), the only known natural predators of 
adult swordfish are sperm whales (Physeter macrocephalus), killer whales (Orcinus 
orca), and large pelagic sharks (e.g., shortfin mako, Isurus oxyrinchus).  
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Swordfish are able to withstand a wide range of temperatures, and have been 
reported in water temperatures ranging from 5 to 27º C (Nakamura 1985).  Although they 
are not capable of maintaining elevated body temperatures, they are able to function 
effectively in colder waters due to a specialized heating mechanism known as “the brain 
heater” (Carey 1982).  This allows the extraocular muscle to warm the eyes and brains of 
swordfish up to 10 to 15º C above the ambient water temperature (Carey 1982), thereby 
greatly improving the swordfish’s ability to detect rapid movements and enhancing their 
ability to feed on prey (Fritsches et al. 2005).  
Swordfish feeding is thought to be influenced by moon phase.  Several studies 
have shown that swordfish are able to swim at deeper depths in the presence of full moon 
phase as a result of greater light intensity, increasing their vertical movements and ability 
to forage effectively (Carey and Robison 1981; Draganik and Cholyst 1988; Bigelow et 
al. 1999; Damalas et al. 2007).   Some authors (di Natale and Mangano 1995; Bigelow et 
al. 1999) suggest that lunar phase may affect susceptibility to fishing gear by decreasing 
swordfish catch as swordfish enhance their vision allowing them to detect fishing gear, as 
well as, allowing swordfish to feed deeper than the gear.  
Swordfish vertical movements are also thought to be linked to other physical and 
environmental factors, especially during feeding.  Podesta et al. (1993) indicates that 
temperature is one of the main factors influencing the distribution of swordfish.  Other 
factors suggested by Podesta et al. (1993) may include chlorophyll concentration at the 
sea surface and temperature fronts where there are higher levels of production.  In a study 
conducted off eastern Australia, Young et al. (2006) demonstrated how sea surface 
fluorescence (SSF) tests for chlorophyll concentrations.  High SSF concentrations 
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indicated that more productive waters led to an increase in foraging throughout different 
trophic levels of the ecosystem, including that of swordfish.  Increased swordfish feeding 
may also be observed where sharp temperature and salinity gradients exist, such as 
current boundaries and frontal zones where there are higher concentrations of prey 
species (Carey and Robison 1981; Ward and Elscot 2000; Sedberry and Loefer 2001; 
Dimitrios et al. 2006; Young et al. 2006).  Often these are areas that occur where there 
are complex bathymetric structures.  Swordfish can often be associated with complex 
sub-surface structures such as seamounts, submarine canyons, and plateaus where there 
are large concentrations of pelagic fish (Carey and Robison 1981; Sedberry and Loefer 
2001; Young et al. 2006) 
 
IV. Study Area 
The Straits of Florida extend approximately 180 km long and up to 153 km wide 
and are located between the U.S. Florida Keys, the north shore of Cuba, with the 
Bahamas to the east and southeast.  The Florida Current is formed from water flowing 
through the Yucatan Channel to the Loop Current located in the Gulf of Mexico, 
connecting the Caribbean Sea to the Gulf of Mexico. The Florida Current flows through 
this passage where it joins the Gulf Stream, distributing heat to the northern hemisphere 
and playing an important role in thermohaline circulation.  This cycling is also referred to 
as Meridional Overturning Cell (MOC).   
The Florida Current is located at approximately 83º W near the western Florida 
Keys, continues to flow northward between the western coast of Florida and the 
Bahamas, and continues north to Jupiter, FL (Wang and Mooers 1997).  This current is 
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fast moving and intensifies as it flows through the Florida Straits, due to shoaling bottom 
topography and a narrowing of the Florida Straits (Wang and Mooers 1997).  On average, 
the current transport is around 32 Sverdrup (Sv)
1
, (Schmitz and Richardson 1968; Schott 
and Zantopp 1985; Leaman et al. 1987).  Inflow from the Old Bahama Channel (2 Sv), 
Northwest Province Channel (1.2 Sv), and Santaren Channel (1.8 Sv) also enter into the 
Florida Current.  These water masses also contribute to the total transport of the Florida 
Current (Atkinson et al. 1995; Leaman et al. 1995).  
Fluctuations or meandering of the Florida Current occur periodically from the 
Straits of Florida near Miami to Cape Hatteras, North Carolina (Lee et al. 1981; Zantopp 
et al. 1987).  These events occur on weekly timescales and often produce cyclonic, cold-
core frontal eddies that extend into the euphotic zone and toward shore (Lee et al. 1981; 
Zantopp et al. 1987).  These eddies produce upwelling events that enhance primary 
productivity (Yoder et al. 1981; Flierl and Davis 1993; Fiechter and Mooers 2007).  
South of Cape Hatteras, NC, seasonal phytoplankton blooms do not occur.  Typically, it 
is only when the Florida Current meanders that these short episodic upwelling events 
arise (Yoder et al. 1981), and these upwelling events are the largest source of nitrate 
along the southeastern shelf.  During these short-lived events, primary production levels 
range from 1.2-2.4 g C/m²/day, but have reached as high as 6.0 g C/m²/day (Yoder et al. 
1981).  
Eddy-forced upwelling mainly occurs during the winter and spring.  Yoder et al. 
(1981) suggests that fish may spawn on or near the southeastern shelf to provide a food 
source for their larval offspring.  This may be a particularly important food source for 
                                                 
1
 A unit of measure for volume transport where 1 sverdrup (Sv) = 10
6
 m
3
/s, named after the oceanographer 
Harald Sverdrup.  
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swordfish larvae.  This is called the match-mismatch hypothesis. As large phytoplankton 
blooms occur, zooplankton feed on the phytoplankton supporting a larger number of 
zooplankton.  In turn, the large numbers of phytoplankton and zooplankton sustain larval 
fish. When this occurs, the match portion of the hypothesis is met. When phytoplankton 
blooms occur earlier than usual, later than usual, or in smaller amounts, the mismatch 
portion of the hypothesis occurs resulting in less prey for fish larvae and reduction in fish 
larvae recruitment (Cushing 1972, 1975, 1990).  In the Atlantic Ocean, swordfish are 
thought to prefer spawning in warm waters of the tropics and subtropics (Arocha and Lee 
1996; Mejuto 2003) where there are frontal zones (Govoni et al. 2000).  Near surface 
layers of the western zones of gyres are comprised of a deeper thermocline (creating 
greater thermal homogeneity), which play an important to the viability of eggs and larvae 
(Mejuto 2003) which are very sensitive to environmental changes including that of 
salinity, Sea Surface Temperature (SST), and current (Mejuto 2003).  
It is important to study the reproductive habits of swordfish, including spawning 
and fecundity, in order to help manage swordfish stocks (Arocha and Lee 1995).  In 
2001, the National Marine Fisheries Service created the time/area closure known as the 
East Florida Coast Closed Area (NMFS 2006).  This area is closed to the U.S. pelagic 
longline fishery and includes the areas where swordfish reproduce, feed, and provide 
nursery areas (Figure 1).  Swordfish reproduce throughout the year in localized areas in 
the Sargasso Sea, Antillean Arc, Windward Passage, Yucatan Channel, and Florida 
Straits (Taylor and Murphy 1992; Arocha and Lee 1995, 1996).  According to Arocha 
and Lee (1995, 1996), there is an increased spawning peak in the latitudinal range of  
19º N - 23º N from December to February, and another peak at higher latitudes of  
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24º N - 34º N from May through June.  
 
V. Background 
      Over its history, the swordfish fishery throughout North America had encountered 
many changes (Booz 1979). John Josselyn’s 1674 Account of Two Voyages to New 
England is the earliest mention of swordfish in the western North Atlantic Ocean (Gibson 
1998).  Little is known about the history of swordfish from the early nineteenth century, 
but by 1841, there was a small fishery where swordfish were primarily caught inshore 
around New Bedford, Martha’s Vineyard, and the Gulf of Maine (Gibson 1998).  Goode 
(1887) describes that swordfish were located near the surface basking and lured with bait, 
then struck by a harpoon from 6 to 10 feet from the vessel.   
      In 1861, swordfishermen were said to have caught 400-500 pound swordfish from 
10-12 feet in length. At this time, the primary method of fishing for swordfish was 
harpooning, and numerous ports began appearing (Gibson 1998).  By 1870, the swordfish 
industry was well established; however, in certain locations it was not a primary fishery.  
By the late nineteenth century, fishing methods improved, swordfish were fished for an 
entire season (June to October), and vessels moved offshore to fish swordfish (Gibson 
1998).  
      Canada entered the fishery in 1909, although prior to 1909 the United States 
fished in Canadian waters.  U.S. swordfish production declined from 1931 to the early 
1960’s (Gibson 1998), when many American and Canadian vessels converted to pelagic 
longlining after the Japanese tuna longliners fishing in the Atlantic started landing higher 
numbers of catches (Beckett 1974).  During this time, New England longline boats 
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experimented in the Straits of Florida, but were unsuccessful due to the “New England” 
style gear that had shorter hook spacing, heavier nylon lines, and shallow-set lines that 
became entangled in the 2-4 knot Florida Current (Beardsley and Conser 1981; Watson 
and Kerstetter 2006).  Shortly thereafter, these boats moved to the Gulf of Mexico to fish, 
but were again unsuccessful, as they were in the Straits of Florida, due to a decline in 
catch rates.  Booz (1979) estimated that American and Canadian longlining vessels 
significantly increased the overall number of swordfish landed in the Atlantic Ocean.  
Swordfish profits declined as production decreased from 1964 to1967, as did the size of 
swordfish (from over 75 pounds to an average of 35 pounds) (Gibson 1998).  
In 1969, the swordfish industry declined again as a ban was imposed by the Food 
and Drug Administration in the United States on the sale of swordfish with mercury 
levels of greater than 0.5 ppm; Canada shortly followed (Gibson 1998).  The Canadian 
swordfish fishery subsequently collapsed, and United States landings were greatly 
reduced (Booz 1979; Palko et al.1981).  In 1978, the Food and Drug Administration 
raised mercury guidelines to 1.0 ppm.  In the same year, longline gear started being 
significantly modified.  Some examples included using lighter monofilament line rather 
than braided multifilament, spacing hooks in wider intervals to reduce tangles, increasing 
the length of their sets, use of electronic fish finding techniques such as sonar, GPS, and 
radio- and satellite-transmitted position-fixing equipment, and fixed chemical or 
electronic lights near hooks that are used as attractants (Gibson 1998). 
      In 1976, the swordfishery changed when sport fishermen off the east coast of 
Florida discovered that by drifting baited lines, swordfish could be caught at night (Booz 
1979; Palko et al.1981).  In 1977, recreational swordfish tournaments were established in 
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Florida and continued until 1983, when swordfish tournaments ceased due to lack of 
participation (Booz 1979).  The first recreational swordfish tournament since 1983 was 
hosted in Fort Lauderdale in 2001 (Levesque and Kerstetter 2007).  Today, swordfish 
tournaments are growing in number and occur mainly in southeast Florida and the Florida 
Keys.  In addition, there are well established recreational fisheries existing in New 
Zealand and Venezuela (Levesque and Kerstetter 2007).  Presently, recreational 
fishermen in the United States fish mainly at night where rod-and-reel gear is most 
commonly used, while the commercial fishery utilizes pelagic longlining techniques 
(Booz 1979).  In the Atlantic Ocean, there are directed longline fisheries for swordfish in 
Canada, Spain, the United States, Brazil, Morocco, Namibia, Portugal, South Africa, 
Uruguay, and Venezuela.  Other fisheries that catch significant amounts of swordfish as 
bycatch or in opportunistic/incidental fisheries include Taiwan
2
, Japan, South Korea, and 
France (ICCAT 2008). 
 In 1969, ICCAT was established; although, it mostly concentrated on the 
regulation of tuna during its early years.  It wasn’t until 1981 that ICCAT introduced the 
first fishing quotas (western Atlantic bluefin tuna).  In 1991, the minimum size limit was 
set at 119 cm with 0% undersized catch or 125 cm Lower Jaw-Fork Length (LJFL), with 
15% of catch to be allowed undersized.  Prior to this time, swordfish under these lengths 
accounted for more than 15% of the total allowable catch (TAC) (ICCAT 2006).  In 
1995, total swordfish catch rates in the Atlantic reached its highest at 38,803 tons 
(ICCAT 2008).  In 1997, the TAC was reduced, and from 1997-1998, there were strong 
recruitments of swordfish increasing the number of swordfish.  Prior to 1999, swordfish 
                                                 
2
 Within ICCAT, the Republic of China (Taiwan) is referred to as “Chinese Taipei” due to objections by 
the People’s Republic of China. 
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surpassed the maximum sustainable yield (MSY).  However, since that time, the decline 
has slowed down in the North Atlantic Ocean.  By the 2006 assessment, ICCAT reported 
that the North Atlantic swordfish is close to MSY objectives and nearly rebuilt (ICCAT 
2007).  Currently, the TAC in the North Atlantic Ocean is set at 14,000 tons and the MSY 
at 14,133 (ICCAT 2009).  Although the new assessment for 2007 relative biomass 
(B2007/BMSY) has not been published, preliminary results suggest that it will be greater 
than 1, which suggests that the North Atlantic swordfish has been rebuilt.  
 
VI. Materials and Methods 
      The stomachs of 131 swordfish were collected from the Florida Straits from April 
2007 to December 2008.  Swordfish specimens were obtained by the following means: 
commercial buoy and pelagic longline fishermen, selected swordfish tournaments 
throughout South Florida (Table 2), and individual recreational swordfish anglers using 
rod-and-reel gear (Table 3).  
      Per Bowen (1996), stomachs were removed by dissection immediately after 
capture to prevent further digestion.  Gonads, which were used later to determine the sex 
of the fish, were also collected at the time of dissection.  In addition, whole weight and 
total length (TL) were collected.  A federal permit allowed for the sampling of undersized 
swordfish.  Due to the warm climate, it was necessary to temporarily store stomachs in 
labeled plastic bags and place them on salted ice to slow digestion (Bowen 1996).  As 
soon as possible following capture, stomachs were wrapped in cheesecloth or fabric 
sample bags and preserved whole in 10% buffered formalin wrapped in cheesecloth or 
fabric sample bags for one week to minimize post capture digestion and harden the prey 
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tissues (Borgeson 1963).  Before dissection of the stomach, each stomach was soaked in 
70% ethanol or isopropyl for up to two weeks in order to remove the residual formalin 
(Bowen 1996). 
     Prior to dissection, the weight of the stomach was recorded.  Upon dissection, the 
stomach contents were recorded by length and weight.  For teleosts, standard length (SL) 
was used to measure these prey items, and for cephalopods, mantle length (ML) was 
used.  Identifiable prey items were labeled and preserved for future identification.  
Organisms, such as parasites, and hard parts such as beaks, eyecapsules, exoskeletons, 
individual bones, and otoliths were noted, but considered negligible to the contributing 
weight of the stomach contents.  If an item in the stomach could be identified as bait, it 
was not included in the results.  Any gashes on the prey items were recorded.  After 
removing all of the stomach contents, the empty stomach was weighed.  
Prey items were identified to the lowest possible taxonomic level using published 
keys and guides (e.g., Bigelow and Schroeder 1953; Roper et al. 1984; Nakamura 1985; 
Carpenter 2002).  Ommastrephid squid were initially identified by the presence of “t-
shaped” funnel- and mantle-locking cartilage, which is unique to this family of squid.  In 
the absence of the mantle, funnel-locking cartilage was usually present to identify the 
prey item as an ommastrephid.  When only the mantle was present, the mantle locking 
cartilage positively identified this prey item as an ommastrephid.  
Further, if the prey item lacked foveola
3
 in the funnel groove, it was considered an 
Illex squid.  When the funnel and funnel groove were not present, the squid could only be 
identified to the Family Ommastrephidae.  As in the Toll and Hess (1981) study, Illex 
                                                 
3
 Transverse, membranous fold of skin that forms a pocket in the funnel groove of some oegopsids squid 
(Roper et al. 1984) 
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squid were unable to be identified to species.  Three species are known to inhabit the 
Atlantic Ocean: I. argentinus, I. coindetii, and I. illecebrosus.  Identification of Illex 
species has been difficult to establish due to their similar morphological features, 
especially between intra- and interspecific species.  Therefore, identification is based on a 
combination of morphological characteristics and hard structures (beaks) (Martínez et al. 
2002).  These morphological characteristics were no longer present due to digestion, and 
therefore, identification of species could not be determined.  
Director of the Marine Invertebrate Museum at the University of Miami, 
Rosenstiel School of Marine and Atmospheric Sciences (RSMAS) and Research 
Professor Emeritus, Nancy Voss, aided in the identification of the Histeoteuthis acturi 
and Onychoteuthis banksii complex
4
.  Squid of the Family Histeoteuthidae were 
originally identified by the distinctive photophores that cover the surface of the mantle, 
head, and arms, and squid of the Family Onychoteuthidae were identified by the presence 
of hooks on the tentacular clubs.   
Teleosts were identified by various external morphologic features including (but 
not limited to) caudal fin shape, body form, mouth positions and shape, placement of eye, 
number of spines on fins, placement of fins in relation to another feature, number and 
shape of teeth, and the presence or absence of fins, palatine, vomer, gill arches, gill 
rakers, scales, barbel, and photophores.  For example, Himantolophus sp. was identified 
initially as an anglerfish of the Order Lophiiformes due to the globulose body shape and 
presence of a long cephalic dorsal fin.  It further was identified by the widely spaced 
bony plates with spines that cover the body which are indicative of the genus 
Himantolophus. Similarly, the three-light dragonfish, Trigonolampa miriceps, was 
                                                 
4
 N. Voss, RSMAS, personal communication 
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identified by the elongate, slender body form, the prominent chin barbel, lack of 
hexagonal scales, and the rows of small, serial photophores embedded in the skin running 
along the ventral surface of the body. 
 Statistical analysis of the diet composition was calculated using several metrics 
for comparative purposes, including percent frequency of occurrence, percent by weight, 
and percent by number (Hyslop 1980).  When these values are combined, they make up 
the Index of Relative Importance (IRI; Pinkas et al. 1971).  The Index of Relative 
Importance was calculated per individual prey item and for categories: teleosts, 
cephalopod, crustacean, and unknown.  
 IRI = (%N + %W) x %F 
 Where %N = the percentage of prey by number 
  %W = the percentage of prey by weight 
  %O = the percentage frequency of occurrence of prey 
 The Stomach Fullness Index (SFI) was also calculated to measure the amount of 
food that each individual swordfish consumed (Hureau 1969).  Stomach Fullness Index 
was calculated for full and empty stomachs.  Note that no values were able to be 
calculated where data was missing (e.g., no fish total weight).  
SFI = Stomach content weight/Fish weight  x 10 
 
 
 
VII. Results 
 
          A total of 131 stomachs were collected from April 2007 to December 2008. Most 
of these sampled stomachs were obtained from local swordfish tournaments and 
swordfish buoy gear boats in the Florida Straits.  However, samples also included 
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stomachs from individual recreational anglers and pelagic longlining in the Florida Straits 
between Fort Pierce and Cape Canaveral as part of another scientific research project (see 
figure 2).  Out of 131 stomachs, 21 or 16% lacked prey items and were therefore 
considered empty; however, some stomachs contained parasites, leeches, or hard parts 
that were considered negligible to the contributing weight of the stomach contents. 
          The length of individual swordfish ranged from 53.25-264.16 cm lower jaw-fork 
length (LJFL), while the weights ranged from 12.70-247.57 kg (Table 4).  Overall, the 
average swordfish length was 144.76 cm and the weight 45.13 kg.  For sex composition, 
a total of 27.70% of the collected stomachs were from females, 48.50% from males, and 
23.80% were undetermined (Table 5).   
Of the samples collected 42.30% were adults, 43.10% were juveniles, and 14.60% 
were unknown (Table 6).  Juveniles and adults were determined by using the Arocha and 
Lee (1996) maturity size at estimate, in which fifty percent of females reach maturity at 
179 cm LJFL and 129 cm LJFL for males.  This estimate was utilized as the most recent 
estimate for swordfish growth in the northwestern Atlantic Ocean (Arocha and Lee 
1996). 
 
Prey Composition  
The main prey items for the swordfish were cephalopods, teleost fishes, and 
crustaceans (Table 7).  Overall, thirteen species of teleosts, three species of cephalopods, 
and one species of crustacean were observed in the diet, although some prey items were 
unable to be identified to the species level (Figure 4).  Additionally, Sargassum (n=2) was 
found and part of a plastic bag (n=1) were found in the stomach contents.  These items 
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were considered negligible to the natural diet of swordfish and were therefore excluded 
from the subsequent data analyses.  
Weight was obtained for 687 of 691 prey items; however, lengths (n=455) were 
only able to be taken from cephalopods that contained whole mantles or when entire 
teleost specimens were present.  Prey length ranged from 8.50-360.00 mm and weights 
from 0.55-1076.19 g.  The average prey length was 148.93 mm and the mean weight was 
74.21 g (Table 8).  
 
 
Index of Relative Importance (IRI)  
 
 In total, 691 prey items were found in the stomachs, which were comprised of 483 
cephalopods, 182 teleosts, 16 crustaceans, and 10 unknown items.  Cephalopods 
dominated the swordfish diet by weight (73.38%), number (69.90%), and occurrence 
(80.91%) (Tables 9a and b).  Teleosts followed by weight (25.16%), number (26.34%), 
and occurrence (68.18%).  Overall, crustaceans contributed the least to the diet of 
swordfish by weight (2.31%), number (1.45%), and occurrence (9.09%) (Figure 5).  
Overall, the most abundant species by weight (34.60%) and number (28.65%) 
were shortfin squid (Illex sp.), with an occurrence of 40.91%.  Unidentified prey in the 
Family Ommastrephidae was the second most abundant food item with 21.17% by 
weight and 22.43% by number, and had the highest occurrence overall, numbering 
43.64%. Illex sp. belongs to the Family Ommastrephidae; however, due to degradation, 
Ommastrephids were not always able to be positively identified to the genus level Illex.  
Although these two prey items are categorized separately in this study, the unidentified 
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ommastrephids were likely to be Illex squid, as no other ommastrephids were found in 
the swordfish diet.  
Teleost fishes were the next most abundant prey items. Atlantic chub mackerel 
(Scomber colias) was greatest in weight (7.04%), number (4.63%), and occurrence 
(16.36%), followed by threelight dragonfish (Trigonolampa miriceps) by weight (3.29%) 
and number (3.91%).  Although T. miriceps has a high occurrence (7.27%), royal red 
shrimp (Pleoticus robustus) has a higher occurrence of 13.64%, yet are lesser by weight 
(0.15%) and number (2.32%).  Finally, Atlantic pomfret (Brama brama) were next 
highest in abundance by weight (1.57%), number (2.32%), and occurrence (6.36%).  
The Index of Relative Importance (IRI) was calculated for all prey items (Figure 
5).  Cephalopods were the most important dietary prey having an IRI of 11,511.73 
followed by teleosts at 3,510.97, and crustaceans having the least importance at 33.36.  
As reflected by the percent weight, number, and occurrence, the most important dietary 
food was the prey species was Illex sp. (2,587.70) followed by Family Ommastrephidae 
(1,902.78), S. colias (191.05), T. miriceps (52.38), P. robustus (33.63), and B. brama 
(24.76).  
Several items were unable to be identified: 125 unidentifiable squid (16.04% 
weight, 18.09% number, 47.27% occurrence, and 1,613.53 IRI), 75 unidentifiable teleosts 
(9.65% weight, 10.85% number, 50.91% occurrence, and 1,043.70 IRI), and 10 unknown 
prey items (2.31% weight, 1.45% number, 9.09% occurrence, and 34.18 IRI).  
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Stomach Fullness Index (SFI)  
 The stomach fullness index was calculated for 93 of 131 stomachs. Swordfish 
weight was calculated using length-weight conversion for all of the stomachs in order to 
standardize the weights of swordfish since some swordfish had round weights and some 
were collected as dressed weights (Ehrhardt 1996).  The stomach fullness index ranged 
from 0 (empty stomachs) to 8.98, and averaged 0.37.  During the different seasons, the 
average mean values were as follows: spring 0.02 (n=3), summer 0.57 (n=41), and winter 
0.22 (n=49).  
 A two-way ANOVA was run for the effects of sex and seasonality on stomach 
fullness index (Table 10).  These test indicated that there were not any significant 
differences in stomach fullness between sexes, seasons, and sex and seasons.  Another 
test was run for ontogeny and seasonality on stomach fullness.  Again, there were no 
significant differences for stomach fullness between juveniles and adults, seasons, and 
juveniles and adults and seasons.  
 
Feeding Correlations 
 Correlations were calculated for cases when both a specimen and prey length 
(Table 12a) or weight (Table 12b) were available; averages and sample sizes differ for 
the overall sample means because most specimens had multiple prey items in their 
stomachs.  When comparing the overall swordfish lengths with prey lengths, a 
significant, yet weak, positive correlation (r²= 0.104, p=0.037, N = 407) was present at a 
95% confidence interval (Figure 6a).  Correlations were also computed for comparing 
swordfish and prey lengths for juveniles and adults; however, there was not a significant 
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correlation (Figure 6b).  A third correlation test compared swordfish and prey lengths 
with sex, revealed that there was no correlation for female swordfish (Figure 6c). 
Conversely, a significant, yet only moderately strong positive correlation (r²=0.254, 
p=0.001, N=175) was present between swordfish length and prey length for males 
swordfish at the 0.01 or 99% significance level (Figure 6d).  Correlations were further 
analyzed between male juveniles and adults, and a weak positive correlation was found 
for male adult swordfish (r²=0.215, p=0.009, N=149) and a strong positive correlation 
was found for male juvenile swordfish (r²=0.647, p<0.001, N=26). Additionally, 
correlations were calculated between swordfish length and fish prey length (r²=0.085, 
p=0.437, N=85) as well as squid prey length (r²=0.055, p=0.297, N=361), yet no 
significant relationships were found.  
 Overall comparison of swordfish weight and prey weight revealed that there was 
not a significant correlation (Figure 8a). A second and third correlation was calculated for 
male and female weights versus prey weight, yet neither showed a significant correlation 
(Figure 8b).  Another correlation was computed juvenile swordfish weights and prey 
weights.  Although significant, the negative relationship was not very strong (r²=-0.161, 
p=0.017, N=221; Figure 8c).  In order to determine if there was a greater significance 
with juvenile swordfish, a correlation was calculated for juvenile males and prey weights 
and juvenile females and prey weights.  Neither correlation proved to be significant.  A 
correlation between adult swordfish and prey weights revealed a significant, but weak 
negative correlation (r²=-0.132, p=0.017, N=328; Figure 8c).  Therefore, a correlation 
was calculated for adult male swordfish and prey weights, but was found to not be 
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significant (Figure 8d).  However, a test between adult female swordfish and prey 
weights showed an association that was a significant weak negative correlation  
(r²= -0.327, p=0.001, N=93; Figure 8e).  
 
Seasonality 
Overall 
 Seasons in the Florida Straits were differentiated by spring (March-May), summer 
(June-September), and winter (October-February).  During spring, teleosts (58%) were 
primarily consumed followed by cephalopods (33%), crustaceans (7%), and unknown 
items (2%), (Figure 9).  By summer, swordfish switched from feeding heavily on teleosts 
(28%) to feeding on cephalopods (70%), while crustaceans decreased in the diet (1%) and 
unknown items slightly decreased (1%), (Figure 9).  Similar results were found during 
the winter where cephalopods ranked highest in the diet (75%), followed by teleosts 
(20%), crustaceans (2%), and unknown (2%), (Figure 9).       
 
Juvenile vs. Adult  
 During spring and summer, juvenile swordfish preyed mainly on teleosts and 
cephalopods.  During spring (Figure 10a), 35% of the prey items were teleost while 57% 
were cephalopods, and during summer (Figure 10a), 38% were teleosts and 61% were 
cephalopods.  However, in winter (Figure 10a), juvenile swordfish preyed more heavily 
on cephalopods (85%) than teleosts (13%).  Crustaceans were consumed mainly during 
the spring (8%), but were not present during the summer, and the winter consumption of 
crustaceans was 1% of the total diet.  
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 Conversely, during the spring season, adult swordfish preyed primarily on teleosts 
(84%) and very little on cephalopods (8%) and crustaceans (4%) (Figure 10b).  During 
summer and winter, prey items shifted from primarily feeding on teleosts to cephalopods.  
During the summer, 22% of the swordfish’s diet was teleosts, 76% cephalopods, and 1% 
crustaceans (Figure 10b).  One percent of the remaining items were unknown.  Winter 
yielded similar results with 27% teleosts, 69% cephalopods, 2% crustaceans, and 2% 
unknown (Figure 10b).  
     Males vs. Females 
 During the spring (Figure 11a), 57% of male swordfish’s diet consisted of 
teleosts, while 35% were cephalopods, 6% crustaceans, and 2% unknown.  Conversely, 
during spring and summer they fed largely on cephalopods.  Throughout summer (Figure 
11a), swordfish fed 64% cephalopods, 34% teleosts, and 2% crustaceans and likewise 
during winter (Figure 11a) they consumed 70% cephalopods, 25% teleosts, 3% 
crustaceans, and 2% were unknown.  
 Similarly, during the spring season female swordfish preyed mainly on teleosts 
and altered feeding during summer and winter to primarily cephalopods.  Spring yielded 
66% teleosts, 17% cephalopods, and 17% crustaceans (Figure 11b).  Out of all groupings 
and seasons, this was the highest consumption of crustaceans. By summer, female 
swordfish shifted to feeding 80% cephalopods, 19% teleosts, and 1% unknown (Figure 
11b).  No crustaceans were found in the diet of swordfish during the summer.  As for 
winter, they fed 85% cephalopods, 10% teleosts, 3% crustaceans, and 1% was unknown 
(Figure 11b).  
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VIII. Discussion  
 This was the first swordfish diet study that had been conducted in the Straits of 
Florida since 1979 and the first to explicitly account for fishes as well as cephalopods 
(Toll and Hess 1981).  Results confirmed that swordfish consumed greater amounts of 
cephalopods than teleosts, similar findings to Toll and Hess study (1981).  However, this 
study revealed the importance of fish in the diet of swordfish, especially for adult male 
and female swordfish during the spring.  
The same preservation methods were used in the Toll and Hess (1981) and the 
current study.  Muliple studies have shown that storage in formalin, ethanol, and freezing 
may result in shrinkage of fish body mass and length (Buchheister &Wilson 2005; Santos 
et al. 2009) reducing the accuracy of the results.  Shrinkage varies depending on species, 
the size of the specimen, the amount of time in the preservative, and the type of 
preservative.  Equations for conversion between fresh length and mass were not available 
for swordfish prey species.  It is likely that shrinkage of prey items occurred; however, no 
studies have reported the extent of shrinkage when using multiple preservation methods 
such as the ones used in this study.  
Stomach contents were analyzed by fresh fraction contents and not reconstituted 
mass based on hard parts such as otoliths, eye lenses, and beaks.  As demonstrated by 
Hernández-García (1995), cephalopods beaks did not show any signs of degradation after 
48 hours, therefore, providing evidence that hard structures should not be used in diet 
studies as to not overestimate the number of cephalopods in the diet.  This provides a 
more accurate depiction of the feeding habits of swordfish (Chancollon et al. 2006).  
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Of 131 stomachs, 16% of the stomachs were empty.  Increasing sampling would 
be recommended for future studies to account for the empty stomachs.  The overall diet 
was composed mainly of cephalopods, teleosts, and crustaceans.  Cephalopods dominated 
the diet by weight (73.38%), number (69.90%), and occurrence (80.91%) followed by 
teleosts (25.16% W, 26.34% N, and 68.18% O).  Previous studies by Toll and Hess 
(1981), Stillwell and Kohler (1985), Bello (1991), Markaida and Hochberg (2005), 
Young et al. (2006), and Castillo et al. (2007) similarly found cephalopods to dominate 
swordfish diet, while others (Scott and Tibbo 1968, Salman 2004, Chancollon et al. 2006; 
Potier et al. 2007) found teleosts to be in greatest abundance.  Studies by Hernández-
García (1995) and Chancollon et al. (2006) suggested that the composition of the 
swordfish diet was dependent on where the swordfish fed.  Swordfish that fed in neritic 
waters typically had a diet dominated by teleosts, while swordfish that fed in oceanic 
waters primarily consumed cephalopods.  
 
Cephalopods 
Overall, the prey species with the greatest dietary importance was Illex sp.  Toll 
and Hess (1981) found this to be true as well in their previous study of swordfish in the 
Straits of Florida.  Ommastrephids were the second most important prey item. Several 
other swordfish studies also reported ommastrephid species to be of the greatest dietary 
importance (Scott and Tibbo 1968; Stillwell and Kohler 1985; Hernández-García 1995; 
Castillo et al. 2004; Markaida and Hochberg 2005; Peristeraki et al. 2005; Young et al. 
2006).  Ommastrephids may be dominant prey items due to their large abundance 
throughout the world oceans.  According to the FAO (2008) reports, 4,253 tons or 4.62% 
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of the world’s fishery production are squids, cuttlefish, and octopuses.  Additionally, 
swordfish inhabit similar oceanic habitats following the same vertical migration pattern 
as ommastrephid squid: surfacing at night and returning to deep layers at dawn (Roper 
and Young 1975; Roper et al. 1984). 
Previous research in the Straits of Florida by Toll and Hess (1981) identified 
twelve species of cephalopods and two species of octopods from 65 specimens.  Their 
study found prey items that were not found in the present study including cephalopods: 
Ommastrephes pteropus
5
, Ornithoteuthis antillarum, Ancistrocheirus lesueuri, 
Tetronychoteuthis massyae 
6
, Architeuthis sp., Histioteuthis dofleini 
7
, Ctenopteryx sicula, 
Thysanoteuthis rhombus, and Cranchia scabra, and octopods: Japetella diaphana and 
Argonauta sp.  In this study, two families and three species were identified from 131 
stomachs including , Histioteuthis arcturi, a species of cephalopod not previously found 
in the diet of swordfish in the Straits of Florida.  There were no octopods found in this 
study.  Similarly, Illex species were the most dominant prey item and Onychoteuthis 
banksii complex, formerly known as Onychoteuthis banksii (Leach 1817), were present in 
both studies.  It was possible that Ommastrephes pteropus and Ornithoteuthis antillarum 
were present in this diet study as they both belong to the Family Ommastrephidae; 
however, the characteristics that Hess and Toll (1981) used to identify these species were 
not present among the cephalopods of this study.  Likewise, there was a possibility that 
the histioteuthids in this study were Histioteuthis dofleini, but there were not enough 
                                                 
5
 Presently known as Sthenoteuthis pteropus (Steenstrup, 1855) 
6
 Presently known as Tetronychoteuthis dussumieri (D'Orbigny, 1839-1842 in Férussac and D'Orbigny, 
1834-1848) 
7
 Presently known as Histioteuthis hoylei (Goodrich, 1896) 
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remaining physical characteristics to determine the exact species identification due to the 
degradation of these prey items.  
The diversity in cephalopod prey items may reflect the opportunistic behavior 
(Scott and Tibbo 1968; Becket 1974; Stillwell and Kohler 1985) of swordfish feeding, as 
in both studies there was a small abundance of all cephalopod species, except for 
ommastrephids.  It also may determine the relative abundance of cephalopod prey as 
suggested by Markaida and Hochberg (2005).  Unlike onychoteuths and histioteuths, 
which were found in low number in the swordfish’s diet, ommastrephids are shoaling 
species (Rodhouse and Nigmatullin 1996).  Swordfish feeding may increase where large 
aggregations of ommastrephids are found as well as decrease the amount of energy 
needed during feeding.  
 
Teleosts 
Swordfish secondarily consumed mesopelagic fish species. Scombrid Scomber 
colias, (IRI 191.05), stomiid Trigonalampa mirceps, (IRI 52.38), and bramid Brama 
Brama, (IRI 24.76) were the principal teleosts species represented in the swordfish diet.  
Scombrids were important teleost prey in other Atlantic Ocean studies (Scott and Tibbo 
1968; Stillwell and Kohler 1985). In other studies, bramids were present, but not in high 
abundances (Young et al. 2006; Potier et al. 2007) except for a study by Chancollon et al. 
(2006).  Stomiids were not reported in any other studies.  Teleosts found in the Toll and 
Hess (1981) in this study were not able to be compared because they were not identified 
to the lowest taxonomic level.  
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Atlantic chub mackerel (Scomber colias) occurs naturally in the Straits of Florida 
and had to be distinguished from the Atlantic mackerel (Scomber scombrus), which was 
used as bait and does not naturally occur in this region.  Bait was determined by hook 
marks or hooks that remained in the S. scombrus.  In addition, other morphological 
characteristics were used to differentiate between these mackerel when present.  As 
suggested by Scott and Tibbo (1968), one mackerel per stomach would most likely be 
considered bait.  However, this method could not be used in this study as multiple 
mackerel with hook marks have been found in the stomachs of swordfish.  This evidence 
is called “bait robbing,” where the swordfish successfully remove bait from hooks (Scott 
and Tibbo 1968).  This also held true in this study where two S. scombrus were identified 
by hook marks and found in one stomach.  
Little is known about the biology of many mesopelagic fish species (Madurell and 
Cartes 2005), especially in the Straits of Florida.  Many of these species are thought to 
migrate vertically throughout the water column, some even as far as the epipelagic zone 
(Salvanes and Kristoffersen 2001); although some species do not, such as Malacosteus 
niger (Sutton and Hopkins 1996; Kenaley 2008).  Mesopelagic fishes are abundant along 
the continental shelf (Salvanes and Kristoffersen 2001). However, total abundance 
estimates are not available due to lack of knowledge about these organisms.   
Identifying these organisms and understanding their biology (e.g., reproduction, 
migration, feeding, habitat, distribution, seasonality, abundance) could give additional 
insight into the trophic ecology of the mesopelagic community well as swordfish feeding.  
One way to begin looking at feeding at different trophic levels is to conduct stable 
isotope analysis on tissue samples from swordfish and their prey items.  From this study, 
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tissues were collected from forty of the swordfish samples.  Future analysis will include 
processing and examining these tissue samples for isotope signatures.  
 
Crustaceans 
 Crustaceans were least important to the diet of swordfish by weight (2.31%), 
number (1.45%), occurrence (9.09%) and IRI (33.63).  Only one crustacean species was 
found, the royal red shrimp, Pleoticus robustus.  This species contributed little to the 
weight of the diet (0.15%), yet it occurred in 13.64% of the stomachs and represented 
2.32% of the contents by number.  Pleoticus robustus was ranked the eighth most 
important prey item in the swordfish’s diet (IRI 33.63); however, this is likely an 
overestimation due to the large occurrence in the diet.  Chancollon et al. (2006) suggested 
that crustaceans were probably a secondary prey item of swordfish.  They noted that 
crustaceans were always found in the stomach in association with teleost prey.  In this 
study, crustaceans were found in association with teleosts in 13 of 15 stomachs.  There 
was only one stomach that contained more than two crustaceans suggesting that the 
swordfish were probably not targeting them as prey.  
Seasonality of Feeding     
 Feeding seasonality has never been examined in the Straits of Florida and rarely 
examined in other swordfish diet studies.  Overall, results showed that teleosts were 
consumed predominantly in the spring, then swordfish switched to feeding on 
cephalopods during the summer and winter months.  Seasonal frequencies in diet items 
described in Salman (2004) differed from the present study in that the occurrence of 
teleosts dominated the diet of swordfish throughout all seasons followed by cephalopods.   
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However, the diet items described in Salman  also differed from the present study in that 
teleosts were predominantly found in the diet of swordfish by number (81.5%) and 
occurrence (97%), whereas the present study found that cephalopods dominated by 
weight (73.38%), number (69.90%), and occurrence (80.91%).  Peristeraki et al. (2005) 
found similar results as in this study, which revealed that higher biomass rates occurred 
in the summer and autumn months when squid were thought to spawn. Although the 
Peristeraki study yielded similar results, caution should be used when comparing two 
different bodies of water. The eastern Mediterranean Sea study (Peristeraki et al. 2005) 
has different oceanic features than the Straits of Florida, (e.g., higher salinity, higher 
temperatures, less rainfall, and different current systems) which could yield different 
results.  
The seasonality results in this study may be due to the fact that there is higher 
productivity throughout the spring season in the Straits of Florida (Young et al. 1981).  In 
this area, it is thought that fish may spawn during the spring and winter when there is 
higher productivity creating a greater food source for their offspring (Yoder et al. 1981).  
Therefore, higher abundances of fish may be present due to higher productivity and 
spawning events.  This may explain why swordfish fed more heavily on fish during the 
spring.  However, it is likely that there was a bias due to the low sampling throughout the 
spring season.  Future research would include sampling more uniformly throughout 
seasons as well as collecting data interannually, which may provide a better depiction of 
swordfish feeding throughout seasons and years.  
Juveniles did not follow the overall feeding trend according to season.  They fed 
regularly on cephalopods during spring (57%) and summer (61%) consuming the highest 
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abundance of cephalopods during the winter (85%).  In a previous study, stable isotope 
evidence suggested that overall diets of smaller swordfish were dominated by smaller fish 
(Young et al. 2006).  On the contrary, in this study, correlations between juvenile males 
and prey length suggested that juvenile males fed on prey items of greater lengths.  
Further analysis showed that juvenile males fed on prey items ranging from 61-205 mm, 
averaging 143.14 mm.  Adult males fed on prey items ranging from 8.5-360 mm, 
averaging 152.87 mm.  These results suggested that swordfish do not shift to longer prey 
as they grow from juveniles to adults; rather, they fed on approximately the same size 
prey.  When further correlating swordfish length with fish and squid prey lengths, no 
correlations were found.  A study conducted by Stillwell and Kohler (1985) similarly 
showed that small, medium, and large swordfish fed on the same size range of squid and 
migrating fish species.  Chancollon et al. (2006) found differing results, where a positive 
correlation was found between predator and prey length.  Differences likely result from 
dissimilar oceanic regions where there may be variability in prey size and food 
availability.  Chancollon found that a majority of swordfish fed on other fish while in the 
present study squid were highly preyed upon. 
 During the spring, adult swordfish diets varied from juveniles as they consumed 
84% teleosts (cephalopods 57%) and then switched to feed on predominately 
cephalopods during summer (76%) and winter (69%).  Young et al. (2006) stable isotope 
analysis showed that swordfish ate progressively more cephalopods and fewer teleosts 
with increasing size.  Likewise, previous studies found that swordfish preyed largely on 
cephalopods as swordfish length increased; but that swordfish continued to feed on a 
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variety of taxa and prey sizes (Ibanez et al. 2004; Peristeraki et al. 2005; Chancollon et al. 
2006).  This also holds true for this study except for during the spring.   
 Comparisons between males and females revealed similar results: swordfish fed 
on teleosts in the spring and then started consuming more cephalopods during summer 
and winter.  Females (80% summer, 86% winter) fed on slightly greater abundances of 
cephalopods than males (64% summer, 70% winter) during the summer and winter.   
Young et al. (2006) found a similar relationship, where female diets were dominated by 
cephalopods, while males consumed a mixture of teleosts and cephalopods.  Stillwell and 
Kohler (1985) found no food preference with respect to size or sex.   
In this study, a significant negative relationship was found for adult female weight 
and prey weight.  As females increased in body weight, their prey decreased in weight.  
Females were much heavier than males.  Females averaged 80.60 kg while males 
averaged 48.00 kg.  Although females were larger, they averaged similar sized prey as 
males, which could explain why there is a significant negative correlation.  Young et al. 
(2006) could find no such correlation between prey mass between females and males.  
 Swordfish are thought to regurgitate their food (Tibbo et al. 1961).  This could 
account for some of the empty stomach samples, which could bias results of the stomach 
fullness index.  Hernández-García (1995) suggested that the use of the samples from 
swordfish caught by commercial longline gear could also skew results due to continuous 
digestion over extended periods of time from 12-14 hours.  Although there were no 
significant relationships present, the stomach fullness index increased from spring to 
winter; however, these values were skewed from the lack of sampling throughout the 
spring season (n=3).  In a study conducted by Hernández-García (1995), stomach fullness 
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index ranged from 0.1-9.0 (mean=2.46) for inshore swordfish, and 0-5.3 (mean=0.75) for 
offshore fish.  These values in Hernández-García’s study yielded similar results to the 
stomach fullness indexes found in this study:  0-8.98, averaging 0.37.  The differences in 
stomach fullness indexes were likely due to the conditions of the different oceanographic 
regions where there may be variability in prey size and food availability as well as the 
location that the swordfish were caught. Swordfish in this study were caught offshore. 
Further research would include analyzing the swordfish’s rate of digestion.  To 
date, there have been no such studies conducted for swordfish.  Research could include 
collecting the pH level in the stomach during the time of collection for each swordfish 
sample.  Using the predicted pH level, fresh prey items could be placed in a mixture that 
would mimic the digestion level of swordfish to see how long it take the soft and hard 
parts of prey items, such as fish, squid, and crustaceans, to digest.  It is still uncertain if 
hard parts were digested or expelled from the stomach of swordfish.  Swordfish could 
possibly get rid of the hard parts by regurgitation or passing the remnants through the 
digestive tract.  
Nutritional values of prey would be useful to better understand trophic changes of 
predators especially when there are seasonal changes in food availability (Eder and Lewis 
2005).  To date, no study has examined the trophic dynamics of swordfish and very little 
is known about billfish.  Two studies where conducted by Abitía-Cárdenas et al. (1997, 
2002) off Cabo San Lucas Mexico on striped marlin, Tetrapturus audax.  In these studies, 
fish were the most important food item, followed by squid, and fish were the most 
prominent in all seasons.  Nutritional values were found for prey items in the diet.  
Results showed that fish, Scomber japonicus (32.4%), Sardinops caeruleus (21.2%), and 
 34 
Etrumeus teres (10.7%) had the greatest caloric contribution followed by squid Dosidicus 
gigas (10.5%), (Abitía-Cárdenas et al. 1997).  When looking at seasonal energetics, 
Abitía-Cárdenas et al. (2002) found that striped marlin had the largest energy intake 
during the summer.  Future analysis of trophic dynamics should be considered to gain 
further insight into the food web in the Straits of Florida. 
 
IX. Conclusions 
Life history strategies are fundamental to fisheries management (King and 
McFarlane 2003).  Feeding ecology is an important aspect of life history strategies 
(Wetherbee and Cortes 2004) and studying stomach contents may be the most 
straightforward way to describe ecosystem feeding interactions (Pauly et al. 2002). This 
type of management encompasses an entire ecosystem as opposed to single-species 
management and allows for the management of predators and prey alike. It is important 
to observe food web interactions in order to understand how increased fishing pressures, 
predation, and environmental factors will affect predator and prey abundance and allow 
for proper fisheries management strategies to be put into place.  
Swordfish occur in the Straits of Florida throughout the entire year with migrating 
populations thought to be entering spawning areas to reproduce.  Commercial and 
recreational fisheries are economically important to this area.  As top-level predators, 
swordfish provide a significant role in the food web. By understanding swordfish feeding, 
ecological models that incorporate swordfish, their predators and prey, could provide 
further insight into their ecological role as well as provide additional knowledge for 
institutions managing these organisms.  
 35 
In this study, swordfish were feeding predominantly on cephalopods; however, 
feeding appeared to be variable as they also fed on a variety of taxa.  By identifying the 
teleosts prey species, this study documented the occurrence of mesopelagic and 
bathypelagic species in swordfish diets in the Straits of Florida.  Additionally, teleosts 
were found to be most abundant prey items for adult males and females during the spring 
season.  Although the high fish abundance may be due to under sampling in the spring, it 
could also reveal alterations in trophic levels of the swordfish’s diet when food 
availability changes.  A clear ontogenetic shift in feeding from juveniles to adults was not 
present.  However, juveniles fed more evenly on fish and squid throughout spring and 
summer, where adults seemed to feed on one more predominantly than the other. Both 
juveniles and adults appeared to feed on squid heavily in the winter.  Correlations showed 
that swordfish generally fed on the similar sized prey items by length and weight 
exhibiting similar feeding behavior for sex and ontogeny.  Overall, swordfish appeared to 
be opportunistic feeders altering its food choices when abundance of prey may have 
changed or when food items were present.    
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XII. Tables  
 
Table 1.  Previous swordfish studies listed according to geographic location, date 
published, and number of swordfish samples analyzed.  
 
Area N Author(s) Date 
East Atlantic Ocean    
     Azorean waters 132 Clarke et al.  1995 
     Strait of Gilbraltar, South of   
     Canary Islands, and Gulf of   
     Guinea 75 Hernández-García  1995 
North Atlantic Ocean    
     Grand Banks to  
     Georges Bank 141 Scott and Tibbo 1974 
     Straits of Florida 65 Toll and Hess 1981 
     Cape Hatteras, NC to  
     Grand Banks 168 Stillwell and Kohler 1985 
     Bay of Biscay 77 Chancollon et al. 2006 
     Straits of Florida 131 Heemsoth et al.  present  
Southwest Atlantic Ocean    
     central Chile 51 Castillo et al.  2007 
Mediterranean Sea     
     south Adriatic Sea, north  
     Ionian Sea, and the Gulf of  
     Taranto 38 Bello  1991 
     southern Aegean Sea 108 Salman  2004 
     Aegean Sea 69 Peristeraki et al. 2005 
Eastern Pacific Ocean    
     Baja California, Mexico 173 Markaida and Hochberg 1998 
     Eastern Australia 638 Young et al.  2006 
Indian Ocean    
     Seychelles, West Indian Ocean 130 Potier et al. 2007 
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Table 2.  The number of swordfish tournaments from 2007 to 2008 where swordfish 
samples were collected throughout the Straits of Florida.  
 
2007    
Date Tournament Location  N  
04/27/07 
Fort Lauderdale Swordfish 
Tournament Fort Lauderdale 6 
08/19/07 Swordlords Tournament Fort Lauderdale 3 
08/25/07 Islamorada Swordfish Tournament Islamorada 6 
12/03/07 Hydroglow Winter Swordfest  Pompano 10 
    
2008    
Date Tournament Location  N 
06/22/08 Hydroglow Summer Slam Pompano 4 
08/02/08 Sunburned Swordfish Tournament Pompano 5 
08/16/08 Islamorada Swordfish Tournament Islamorada 1 
09/14/08 Miami Swordfish Tournament Miami 3 
12/07/08 Hydroglow Winter Swordfest  Pompano 8 
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Table 3.  The number of swordfish samples collected by gear type in the Straits for 
Florida from 2007-2008. 
 
 
Gear Type Number of Samples 
Swordfish Buoy Gear 59 
Swordfish Tournaments 46 
Pelagic Longlining 20 
Individual Recreational Anglers 5 
Unknown 1 
 131 
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Table  4.   Descriptive statistics of swordfish length measured by lower jaw fork length 
(LJFL), weight, stomach wet full, and stomach weight empty throughout the Straits of 
Florida from 2007-2008. There were 131 samples in total, however, due to missing 
information N-values differ.   
 
 
  N Minimum Maximum  Mean  
Standard 
Deviation 
Length (LJFL in cm) 122 53.25 264.16 144.76 34.48 
Weight (kg) 116 12.70 247.57 45.13 36.43 
Stomach Weight Full (g) 126 80.10 4195.73 952.95 719.16 
Stomach Weight Empty 
(g) 126 32.68 2126.21 474.21 320.36 
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Table 5.  List of swordfish frequencies by sex, minimum weight (kg), maximum weight (kg), mean weight (kg), minimum length 
(cm), maximum length (cm), and mean length (cm) by sex throughout the Straits of Florida from 2007-2008. 
 
Sex Frequency Percent 
Minimum  
Weight 
(kg) 
Maximum  
Weight 
(kg) 
Mean 
Weight 
(kg) 
Minimum 
Length 
(cm) 
Maximum 
Length 
(cm) 
Mean 
Length 
(cm) 
Male  63 48.50% 14.06 150.14 48.00 53.00 229.00 149.42 
Female 36 27.70% 14.52 247.57 80.60 104.00 264.00 177.17 
Unknown 32 23.80% 15.15 91.17 41.87 102.00 202.00 141.53 
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Table 6.  List of swordfish frequencies by age, minimum weight (kg), maximum weight (kg), mean weight (kg), minimum length 
(cm), maximum length (cm), and mean length (cm) by ontogeny throughout the Straits of Florida from 2007-2008. 
 
 
  Frequency Percent 
Minimum  
Weight 
(kg) 
Maximum 
Weight 
(kg) 
Mean 
Weight 
(kg) 
Minimum 
Length 
(cm) 
Maximum 
Length 
(cm) 
Mean 
Length 
(cm) 
Adult  55 42.30% 14.06 247.57 84.64 125.00 264.00 182.18 
Juvenile 56 43.10% 14.06 94.89 46.90 61.00 176.00 139.87 
Unknown 19 14.60% 12.70 53.98 32.54 123.00 229.00 164.42 
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Table 7.  List of prey taxa from swordfish stomach content analysis occurring throughout 
the Straits of Florida from 2007-2008 (N = 131). Identifiable bait items were not included 
in the total numbers. 
 
 Common Name Number 
Teleostei    181 
  Order Aulopiformes Ray-finned fish 1 
       Family Bathysauridae    
            Bathysaurus sp. Deep-sea lizardfish 1 
       Family Notosudidae    
            Scopelosaurus sp. Waryfish 2 
  Order Perciformes Perch-like fish 1 
       Family Bramidae    
           Brama brama Atlantic pomfret 16 
       Family Gempylidae  8 
       Gempylus serpens Snake mackerel 4 
       Ruvettus pretiosus  Oilfish 1 
       Family Nomeidae  1 
       Family Scombridae    
            Scomber colias Atlantic chub mackerel 32 
            Scomber scombrus (bait) Atlantic mackerel 12 
       Family Scombrolabracidae    
            Scombrolabrax heterolepis Longfin escolar 1 
       Family Gonostomatidae  3 
       Family Myctophidae  1 
       Family Polymixiidae    
            Polymixia lowei Beardfish 3 
       Family Regalecidae    
            Regalecus sp.  King of herrings 1 
       Family Stomiidae  1 
            Idiacanthus sp. Black Dragonfish 1 
            Malacosteus niger Northern stoplight loosejaw 1 
            Trigonolampa miriceps Three-light dragonfish 27 
       Family Himantolophidae    
            Himantolophus sp.  Football anglerfish 1 
            Unidentifiable fish parts  74 
     
Cephalopoda  483 
       Family Histioteuthidae  2 
            Histioteuthis arcturi  1 
       Family Ommastrephidae  155 
            Illex sp.  Shortfin squid 198 
       Family Onychoteuthidae    
            Onychoteuthis banksii complex Clubhook squid 2 
            Unidentifiable squid  125 
      
Crustacea  16 
       Family Solenoceridae    
            Pleoticus robustus  Royal red shrimp 16 
      
Unknown   10 
Total   690 
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Table 8.  The total number, minimum, maximum, mean, and standard deviation of prey 
weight (g) and prey length (mm) of items found in the swordfish’s stomachs throughout 
the Straits of Florida from 2007-2008.  
 
  N Minimum Maximum Mean  
Standard 
Deviation 
Prey Weight (g) 687 0.55 1076.19 74.21 77.38 
Prey Length (mm) 455 8.50 360.00 148.93 47.74 
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Table 9a.  Results of 2007-2008 swordfish stomach contents (by taxa) by frequency of 
occurrence (O%), number (N%), weight (W%), and Index of Relative Importance (IRI) 
throughout the Straits of Florida. (n = 110 swordfish stomachs with contents) 
Prey Occurrence 0% Number %N Weight (g) %W IRI 
Teleostei         
 Order Aulopiformes 1 0.91 1 0.14 13.22 0.03 0.16 
      Family Bathysauridae        
           Bathysaurus sp. 1 0.91 1 0.14 98.90 0.19 0.31 
      Family Notosudidae        
           Scopelosaurus sp. 2 1.82 2 0.29 82.60 0.16 0.82 
 Order Perciformes 1 0.91 1 0.14 10.62 0.02 0.15 
      Family Bramidae        
          Brama brama 7 6.36 16 2.32 806.04 1.57 24.76 
      Family Gempylidae 3 2.73 8 1.16 138.59 0.27 3.90 
      Gempylus serpens 1 0.91 4 0.58 230.07 0.45 0.93 
       Ruvettus pretiosus  1 0.91 1 0.14 101.80 0.20 0.31 
      Family Nomeidae 1 0.91 1 0.14 22.30 0.04 0.17 
      Family Scombridae        
           Scomber colias 18 16.36 32 4.63 3605.92 7.04 191.05 
      Family Scombrolabracidae        
           Scombrolabrax heterolepis 1 0.91 1 0.14 19.30 0.04 0.17 
      Family Gonostomatidae 1 0.91 3 0.43 212.00 0.41 0.77 
      Family Myctophidae 1 0.91 1 0.14 23.80 0.05 0.17 
      Family Polymixiidae        
           Polymixia lowei 1 0.91 3 0.43 414.00 0.81 1.13 
      Family Regalecidae        
           Regalecus sp.  1 0.91 1 0.14 128.20 0.25 0.36 
      Family Stomiidae 1 0.91 1 0.14 13.80 0.03 0.16 
           Idiacanthus sp. 1 0.91 1 0.14 5.10 0.01 0.14 
           Malacosteus niger 1 0.91 1 0.14 14.00 0.03 0.16 
           Trigonolampa miriceps 8 7.27 27 3.91 1686.46 3.29 52.38 
      Family Himantolophidae        
           Himantolophus sp.  1 0.91 1 0.14 311.84 0.61 0.69 
       Unidentifiable fish parts 56 50.91 75 10.85 4938.46 9.65 1043.70 
         
Cephalopoda        
      Family Histioteuthidae 1 0.91 2 0.29 169.90 0.33 0.56 
           Histioteuthis arcturi 1 0.91 1 0.14 52.80 0.10 0.23 
      Family Ommastrephidae 48 43.64 155 22.43 10838.86 21.17 1902.78 
           Illex sp.  45 40.91 198 28.65 17711.95 34.60 2587.70 
      Family Onychoteuthidae        
 
          Onychoteuthis banksii 
complex 2 1.82 2 0.29 65.80 0.13 0.76 
      Unidentifiable squid 52 47.27 125 18.09 8212.14 16.04 1613.53 
         
Crustacea        
      Family Solenoceridae        
           Pleoticus robustus  15 13.64 16 2.32 77.25 0.15 33.63 
         
Unknown 10 9.09 10 1.45 1183.70 2.31 34.18 
    691 100 51189.42 100  
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Table 9b.  Results of 2007-2008 swordfish stomach contents (by teleost, cephalopod, and 
crustaceans) of swordfish by frequency of occurrence (O%), number (N%), weight (W%) 
and Index of Relative Importance (IRI) throughout the Straits of Florida. (n = 110 
swordfish stomachs with contents) 
 
Prey Occurrence %O Number %N Weight (g) %W IRI 
Teleostei  75 68.18 182 26.34 12877.02 25.16 3510.97 
Cephalopoda 89 80.91 483 69.90 37051.45 72.38 11511.73 
Crustacea 15 13.64 16 2.32 77.25 0.15 33.63 
Unknown 10 9.09 10 1.45 1183.70 2.31 34.18 
    691 100 51189.42 100  
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Table 10.  The results of a two-way ANOVA testing the effects of seasonality and sex on 
stomach fullness index for swordfish.  
 
Source DF MS F P 
Season 2 1.182 0.87 0.422 
Sex 1 3.298 2.428 0.123 
Season x Sex 1 2.801 2.062 0.155 
Error 88 1.358     
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Table 11.  The results of a two-way ANOVA testing the effects of seasonality and 
ontogeny on stomach fullness index for swordfish.  
 
Source DF MS F P 
Season 1 5.532 4.175 0.044 
Ontogeny 2 2.189 1.652 0.198 
Season x 
Ontogeny 1 3.775 2.849 0.095 
Error 88 1.325     
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Table 12a.  The results of correlation analyses for swordfish length and prey length for 
overall sample, juveniles, adults, females, males, male juveniles, and male adults as well 
as for all samples and fish and squid prey items.  
 
Correlation of Swordfish Length and Prey Length 
     
  r² p N 
All Samples 0.104* 0.037 407 
Juveniles 0.076 0.336 164 
Adults 0.078 0.236 233 
Females 0.067 0.351 199 
Males 0.254** 0.001 175 
     Male Juveniles 0.647** 0.000 26 
     Male Adults 0.215** 0.009 149 
All Samples & Fish Prey 0.085 0.437 85 
All Samples & Squid Prey 0.055 0.297 361 
    
* When correlation is significant there will be a confidence interval. 
(P≤0.05) 
** A highly significant relationship is present (P<0.01) 
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Table 12b.  The results of correlation analyses for swordfish weight and prey weight for 
overall sample, males, females, juveniles, adults, juvenile males, juvenile females, adult 
males, and adult females.  
 
  r² p N 
All Samples –0.075 0.065 597 
Males –0.047 0.462 251 
Females –0.032 0.600 272 
Juveniles –0.161* 0.017 221 
     Juvenile x Males –0.034 0.828 42 
     Juvenile x Females –0.075 0.32 180 
Adults –0.132* 0.017 328 
     Adult x Males –0.210 0.0764 207 
     Adult x Females –0.327** 0.001 93 
    
* A significant relationship is present (P≤0.05) 
** A highly significant relationship is present (P<0.01) 
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XIII. Figures  
 
Figure 1 Closed areas to pelagic longlining in the Gulf of Mexico and Atlantic Ocean 
(NMFS 2006). 
 
Figure 2 Map of where swordfish were caught by buoy gear and pelagic longline gear. 
Points for the recreational swordfish tournaments are the land-based weigh-in locations.  
 
Figure 3 Percentage of swordfish prey items by number 
 
Figure 4 Overall percentage of swordfish prey composition by number 
 
Figure 5 % Frequency of Occurrence (%O), % by Number (%N), and % by Mass (%W) 
of prey in the swordfish’s diet 
 
Figure 6 Index of Relative Importance (IRI) of prey in the swordfish’s diet 
 
Figure 7 Correlation of swordfish lengths (LJFL) with a) overall prey lengths (TL); b) 
adults and juveniles lengths (TL); c) females and males lengths (TL); and d) male 
juvenile lengths (TL) and male adult lengths (TL) 
 
Figure 8 Correlation of swordfish weight with a) overall prey weight; b) juveniles and 
adults weight; c) females and males weight; d) juvenile males and juvenile females 
weight; and e) adult males and adult females weight 
 
Figure 9 Overall swordfish feeding seasonality in spring (n=10), summer (n=45), and 
winter (n=75) 
 
Figure 10 a) Juvenile swordfish feeding seasonality and b) adult swordfish feeding 
seasonality  
 
Figure 11 a) Male swordfish feeding seasonality and b) female swordfish feeding 
seasonality  
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[Figure 3] 
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[Figure 4] 
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[Figure 5] 
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[Figure 6] 
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[Figures 7]  
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c)  
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[Figure 8] 
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c) 
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[Figure 9] 
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[Figure 10] 
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[Figure 11] 
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XIV. Appendices 
 
Appendix I - List of swordfish weight, stomach weight full (g), stomach weight empty 
(g), weight of stomach contents(g), and calculated Stomach Fullness Index (SFI) for 131 
samples. 
 
ID #/ 
Specimen 
# 
Swordfish 
Weight (g) 
Stomach 
Weight 
Full (g) 
Stomach 
Weight 
Empty 
(g) 
Stomach 
Content 
Weight (g) SFI M/F 
1 32154.22 880 594 286 0.089 M 
2 1182.407 1172 750 422 3.569 M 
3 62251.03 904 864 40 0.006 M 
4 50391.88 1522 360 1162 0.231 M 
5 48579.12 1484 618 866 0.178 M 
6 44979.36 1336 698 638 0.142 F 
7 11246.36 467.35 312.37 154.98 0.138 F 
8  491.06 491.06 0 − − 
9  378.55 375.33 3.22 − − 
10 10691.9 769.57 679.15 90.42 0.085 M 
11 21772.1 384.07 333.2 50.87 0.023 F 
12 33108.49 626.32 305.4 320.92 0.097 M 
13 16324.19 430.34 421.12 9.22 0.006 M 
14 72990.64 1221.76 1077.77 143.99 0.020 M 
15 59001.73 1082.82 1001.31 81.51 0.014 M 
16 3681.08 80.1 32.68 47.42 0.129 M 
17 18116.67 282.47 272.96 9.51 0.005 F 
18  428.67 312.04 116.63 − − 
19 15925.78 345.79 244.85 100.94 0.063 F 
20 15925.78 285.51 245.84 39.67 0.025 F 
21  459.29 293.93 165.36 − − 
22 10438.6 372.1 125.32 246.78 0.236 F 
23  946.93 946.93 0 − − 
24 16324.19 445.13 354.7 90.43 0.055 M 
25 18578.64 333.75 333.71 0.04 0.000 M 
26 1818.738 1859.73 226.8 1632.93 8.978 M 
27  ─ ─ 230.07 − − 
28 23710.13 1801.67 443 1358.67 0.573 M 
29 1818.738 1360.78 226.8 1133.98 6.235 M 
30  924.93 487.56 437.37 − − 
31 43409.27 1882.3 560 1322.3 0.305 M 
32 70558.93 1168.58 565.9 602.68 0.085 M 
33 68840.11 793.79 310 483.79 0.070 M 
34 50168.12 957.63 543.25 414.38 0.083 F 
35 73807.29 1133.98 1056.8 77.18 0.010 F 
36  406.66 270 136.66 − − 
37 47525.84 1062.45 716.5 345.95 0.073 F 
38  ─ ─ 31.51 − − 
39 − 425.25 333.62 91.63 − M 
40 27366.52 1247.38 538.64 708.74 0.259 M 
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ID #/ 
Specimen 
# 
Swordfish 
Weight (g) 
Stomach 
Weight 
Full (g) 
Stomach 
Weight 
Empty 
(g) 
Stomach 
Content 
Weight (g) SFI M/F 
42 27380.89 793.79 453.59 340.2 0.124 F 
43 24467.85 737.09 283.5 453.59 0.185 F 
44 − 595.34 311.84 283.5 − F 
45 43415.31 1389.13 566.99 822.14 0.189 F 
46 72990.64 2438.06 1048.93 1389.13 0.190 M 
47 21037.43 1332.43 344.7 987.73 0.470 M 
48 21772.1 510.29 396.9 113.39 0.052 F 
49 4467.34 311.84 311.84 0 0.000 M 
50 17467.38 595.34 170.1 425.24 0.243 F 
51 19758.4 1077.28 170.1 907.18 0.459 F 
52 26464.38 933.16 311.84 621.32 0.235 M 
53 27663.73 595.34 224.7 370.64 0.134 M 
54 20005.36 652.04 170.1 481.94 0.241 M 
55 86087.99 765.44 311.84 453.6 0.053 F 
56  425.25 396.9 28.35 − − 
57 17223.18 907.18 793.79 113.39 0.066 M 
58 26069.05 226.8 226.8 0 0.000 F 
59 32833.89 481.94 340.2 141.74 0.043 M 
60 17910.37 566.99 368.54 198.45 0.111 F 
61 46811.51 255.15 226.8 28.35 0.006 M 
62 29057.78 340.2 283.5 56.7 0.020 F 
63 20497.11 368.54 340.2 28.34 0.014 M 
64 34931.81 680.48 566.99 113.49 0.032 M 
65  652.04 396.89 255.15 − − 
66  368.54 311.85 56.69 − − 
67  311.84 283.5 28.34 − − 
68 13564.74 481.94 368.54 113.4 0.084 M 
69 37119.69 765.44 737.09 28.35 0.008 M 
70 16786.85 566.99 425.24 141.75 0.084 M 
71 30173.06 453.59 340.2 113.39 0.038 M 
72 55125.34 425.24 425.24 0 0.000 M 
73 21731.34 311.84 283.5 28.34 0.013 F 
74 15937.01 311.84 255.15 56.69 0.036 M 
75  459.2 113.35 345.85 − − 
76  751.99 538.64 213.35 − − 
77  802.64 453.59 349.05 − − 
78  404.95 311.84 93.11 − − 
79  283.5 283.5 0 − − 
80  ─ ─ 0 − − 
81 22765.98 1786.02 1162.33 623.69 0.274 F 
82  963.88 311.84 652.04 − − 
83 3681.08 1247.38 425.24 822.14 2.233 M 
84  680.39 510.29 170.1 − − 
85 22021.92 623.69 340.19 283.5 0.129 M 
86  510.29 510.29 0 − − 
87  2608.15 1417.48 1190.67 − − 
88  652.04 255.15 396.89 − − 
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ID #/ 
Specimen 
# 
Swordfish 
Weight (g) 
Stomach 
Weight 
Full (g) 
Stomach 
Weight 
Empty 
(g) 
Stomach 
Content 
Weight (g) SFI M/F 
90  311.84 255.15 56.69 − − 
91  2097.86 737.09 1360.77 − − 
92  992.23 340.19 652.04 − − 
93  226.8 226.8 0 − − 
94 26606.39 1048.93 115 933.93 0.351 M 
95 − 737.09 255.15 481.94 − M 
96 32177.12 2100 1000 1100 0.342 F 
97 34888.98 1300 450 850 0.244 M 
98 85697.29 1800 600 1200 0.140 M 
99 76037.15 1550 1075 475 0.062 M 
100 − 1300 450 850 − M 
101 118788.4 1474.17 481.94 992.23 0.084 F 
102 185774.5 4195.73 2126.21 2069.52 0.111 F 
103 17667.2 963.88 935.53 28.35 0.016 M 
104 21731.34 1644.27 283.5 1360.77 0.626 F 
105 13194.46 226.8 226.8 0 0.000 M 
106 0 ─ ─ 90.6 − M 
107 15523.35 396.89 396.89 0 0.000 M 
108 15523.35 396.89 311.84 85.05 0.055 M 
109  226.8 226.8 0 − − 
110 22346.44 1212.7 113.4 1099.3 0.492 M 
111 18116.67 1048.93 255.15 793.78 0.438 F 
112  340.19 198.45 141.74 − − 
113  198.45 56.7 141.75 − − 
114 20502.96 255.15 170.1 85.05 0.041 F 
115 19521.75 881.79 340.194 541.596 0.277 M 
116 22346.44 481.94 255.15 226.79 0.101 M 
117 20497.11 793.79 655.04 138.75 0.068 M 
118 27238.24 708.74 85.05 623.69 0.229 F 
119 45944.44 1888.99 623.7 1265.29 0.275 M 
120 44151.51 1812.04 311.84 1500.2 0.340 F 
121 52908.07 ─ ─ 1303.2 0.246 F 
122 23622.59 935.53 425.24 510.29 0.216 M 
123 82520.01 1984.47 793.54 1190.93 0.144 F 
124 51557.38 1219.03 481.94 737.09 0.143 M 
125 − 878.83 623.69 255.14 − M 
126 39624.88 3090.1 1445.82 1644.28 0.415 M 
127 71138.33 3562.22 1020.58 2541.64 0.357 M 
128 127144.5 3316.89 1332.43 1984.46 0.156 F 
129 57048.47 1261.98 793.79 468.19 0.082 F 
130 28931.13 907.18 396.89 510.29 0.176 M 
131 73319.21 2307.58 652.04 1655.54 0.226 F 
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Appendix II - Distribution of 131 swordfish samples by date, length, weight, sex, and 
capture method.  
 
ID 
# 
Date 
Obtained 
Fish 
Length 
(cm) 
Fish 
Weight 
(kg) M/F Method Season Location 
1 04/29/07 151.00 − M Swordfish Tournaments Spring Fort Lauderdale, FL 
2 04/29/07 53.25 − M Swordfish Tournaments Spring Fort Lauderdale, FL 
3 04/29/07 186.00 − M Swordfish Tournaments Spring Fort Lauderdale, FL 
4 04/29/07 174.00 − M Swordfish Tournaments Spring Fort Lauderdale, FL 
5 04/29/07 172.00 70.03 M Swordfish Tournaments Spring Fort Lauderdale, FL 
6 04/29/07 167.00 60.60 F Swordfish Tournaments Spring Fort Lauderdale, FL 
7 06/06/07 106.68 15.88 F Pelagic Longlining Summer Florida Keys, FL 
8 06/08/07 121.92 − − Pelagic Longlining Summer Florida Keys, FL 
9 06/08/07 149.86 − − Pelagic Longlining Summer Florida Keys, FL 
10 06/08/07 106.68 17.69 M Pelagic Longlining Summer Florida Keys, FL 
11 06/08/07 132.08 65.32 F Pelagic Longlining Summer Florida Keys, FL 
12 06/06/07 152.40 14.06 M Pelagic Longlining Summer Florida Keys, FL 
13 06/08/07 121.92 14.06 M Pelagic Longlining Summer Florida Keys, FL 
14 06/06/07 195.58 59.42 M Pelagic Longlining Summer Florida Keys, FL 
15 06/06/07 182.88 48.99 M Pelagic Longlining Summer Florida Keys, FL 
16 06/06/07 76.20 15.88 M Pelagic Longlining Summer Florida Keys, FL 
17 06/08/07 124.46 17.24 F Pelagic Longlining Summer Florida Keys, FL 
18 06/09/07 132.08 − − Pelagic Longlining Summer Florida Keys, FL 
19 06/09/07 119.38 69.85 F Pelagic Longlining Summer Florida Keys, FL 
20 06/08/07 119.38 18.60 F Pelagic Longlining Summer Florida Keys, FL 
21 06/09/07 106.68 − − Pelagic Longlining Summer Florida Keys, FL 
22 06/08/07 104.14 15.42 F Pelagic Longlining Summer Florida Keys, FL 
23 06/09/07 185.42 − − Pelagic Longlining Summer Florida Keys, FL 
24 06/08/07 121.92 14.97 M Pelagic Longlining Summer Florida Keys, FL 
25 06/06/07 127.00 24.04 M Pelagic Longlining Summer Florida Keys, FL 
26 08/19/07 61.00 43.77 M Swordfish Tournaments Summer Fort Lauderdale, FL 
27 06/20/07 101.60 74.84 − 
Individual Recreational 
Anglers Summer Unknown 
28 06/08/07 137.16 16.78 M Pelagic Longlining Summer Florida Keys, FL 
29 08/19/07 61.00 46.77 M Swordfish Tournaments Summer Fort Lauderdale, FL 
30 08/19/07 − 58.74 − Swordfish Tournaments Summer Fort Lauderdale, FL 
31 08/25/07 166.00 66.22 M Swordfish Tournaments Summer Islamorada, FL 
32 08/26/07 193.50 85.73 M Swordfish Tournaments Summer Islamorada, FL 
33 08/26/07 192.00 94.35 M Swordfish Tournaments Summer Islamorada, FL 
34 08/26/07 173.00 − F Swordfish Tournaments Summer Islamorada, FL 
35 08/25/07 196.00 92.53 F Swordfish Tournaments Summer Islamorada, FL 
36 08/20/07 106.68 77.56  
Individual Recreational 
Anglers Summer Unknown 
37 08/25/07 170.00 68.95 F Swordfish Tournaments Summer Islamorada, FL 
38 − − − − − − − 
39 12/03/07 − − M Swordfish Tournaments Winter Pompano, FL 
40 12/03/07 143.51 42.73 M Swordfish Tournaments Winter Pompano, FL 
41 12/03/07 137.16 31.84 M Swordfish Tournaments Winter Pompano, FL 
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43 12/03/07 137.16 32.21 F Swordfish Tournaments Winter Pompano, FL 
44 12/03/07 − 27.49 F Swordfish Tournaments Winter Pompano, FL 
45 12/03/07 165.10 69.04 F Swordfish Tournaments Winter Pompano, FL 
46 12/03/07 195.58 108.32 M Swordfish Tournaments Winter Pompano, FL 
47 12/03/07 132.08 29.76 M Swordfish Tournaments Winter Pompano, FL 
48 12/03/07 132.08 29.03 F Swordfish Tournaments Winter Pompano, FL 
49 12/04/07 81 − M Swordfish Buoy Gear Winter Unknown 
50 12/04/07 123 − F Swordfish Buoy Gear Winter Unknown 
51 12/04/07 128 − F Swordfish Buoy Gear Winter Unknown 
52 12/04/07 142 − M Swordfish Buoy Gear Winter Unknown 
53 12/04/07 144 − M Swordfish Buoy Gear Winter Unknown 
54 12/04/07 130 − M Swordfish Buoy Gear Winter Unknown 
55 12/19/07 206.00 102.06 F Swordfish Buoy Gear Winter Hollywood, FL 
56 12/19/07 153.00 36.29 − Swordfish Buoy Gear Winter Deerfield Beach, FL 
57 01/01/08 124.00 21.77 M Swordfish Buoy Gear Winter Fort Lauderdale, FL 
58 01/01/08 140.00 23.13 F Swordfish Buoy Gear Winter Fort Lauderdale, FL 
59 01/01/08 152.00 18.60 M Swordfish Buoy Gear Winter Fort Lauderdale, FL 
60 01/01/08 124.00 33.57 F Swordfish Buoy Gear Winter Oakland Park, FL 
61 01/01/08 170.00 17.24 M Swordfish Buoy Gear Winter Boca Raton, FL 
62 01/01/08 145.00 14.06 F Swordfish Buoy Gear Winter Aventura, FL 
63 01/01/08 131.00 14.06 M Swordfish Buoy Gear Winter Oakland Park, FL 
64 01/01/08 155.00 29.94 M Swordfish Buoy Gear Winter Pompano, FL 
65 01/01/08 143.00 12.70 − Swordfish Buoy Gear Winter Delray Beach, FL 
66 01/01/08 141.00 16.33 − Swordfish Buoy Gear Winter Delray Beach, FL 
67 01/01/08 120.00 31.30 − Swordfish Buoy Gear Winter Delray Beach, FL 
68 01/01/08 115.00 37.65 M Swordfish Buoy Gear Winter Boyton Beach, FL 
69 01/01/08 158.00 31.75 M Swordfish Buoy Gear Winter Oakland Park, FL 
70 01/01/08 123.00 53.98 M Swordfish Buoy Gear Winter Pompano, FL 
71 01/01/08 148.00 29.03 M Swordfish Buoy Gear Winter Boca Raton, FL 
72 01/01/08 179.00 58.51 M Swordfish Buoy Gear Winter Highland Beach, FL 
73 01/01/08 132.00 36.29 F Swordfish Buoy Gear Winter Delray Beach, FL 
74 01/01/08 121.00 20.41 M Swordfish Buoy Gear Winter Lantana, FL  
75 01/09/08 144.00 20.41 − Swordfish Buoy Gear Winter Cutler Bay, FL 
76 01/09/08 169.00 60.33 − Swordfish Buoy Gear Winter Pinecrest, FL 
77 01/09/08 125.00 15.15 − Swordfish Buoy Gear Winter North Miami, FL 
78 01/09/08 129.00 17.74 − Swordfish Buoy Gear Winter Miami Beach, FL 
79 01/23/08 165.00 39.92 − Swordfish Buoy Gear Winter Hollywood, FL 
80 01/09/08 145.00 30.03 − Swordfish Buoy Gear Winter Miami Beach, FL 
81 12/19/07 134.00 24.49 F Swordfish Buoy Gear Winter Aventura, FL 
82 12/19/07 135.00 26.31 − Swordfish Buoy Gear Winter Fort Lauderdale, FL 
83 12/19/07 76.20 − M Swordfish Buoy Gear Winter North Miami, FL 
84 12/19/07 155.00 36.29 − Swordfish Buoy Gear Winter Pompano, FL 
85 12/19/07 134.00 21.77 M Swordfish Buoy Gear Winter North Miami, FL 
86 12/19/07 126.00 17.69 − Swordfish Buoy Gear Winter Fort Lauderdale, FL 
87 01/30/08 104.00 94.89 − Swordfish Buoy Gear Winter Miami Beach, FL 
88 01/30/08 125.00 18.23 − Swordfish Buoy Gear Winter Fort Lauderdale, FL 
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90 01/23/08 119.00 14.24 − Swordfish Buoy Gear Winter Fort Lauderdale, FL 
91 01/12/08 126.00 16.42 − Swordfish Buoy Gear Winter Jupiter, FL 
92 01/12/08 202.00 85.86 − Swordfish Buoy Gear Winter Jupiter, FL 
93 01/12/08 139.00 26.49 − Swordfish Buoy Gear Winter Jupiter, FL 
94 02/23/08 142.24 24.04 M 
Individual Recreational 
Anglers Winter Unknown 
95 01/18/08 − 33.00 M 
Individual Recreational 
Anglers Winter Unknown 
96 08/02/08 149.86 39.46 F Swordfish Tournaments Summer Pompano, FL 
97 08/02/08 154.94 36.29 M Swordfish Tournaments Summer Pompano, FL 
98 08/02/08 205.74 36.29 M Swordfish Tournaments Summer Pompano, FL 
99 08/02/08 198.12 109.50 M Swordfish Tournaments Summer Pompano, FL 
100 06/22/08 − 44.00 M Swordfish Tournaments Summer Pompano, FL 
101 08/02/08 228.60 162.02 F Swordfish Tournaments Summer Pompano, FL 
102 06/22/08 264.16 47.57 F Swordfish Tournaments Summer Pompano, FL 
103 05/06/08 125.00 − M Swordfish Buoy Gear Spring Dania, FL 
104 11/15/08 132.00 28.58 F Swordfish Buoy Gear Winter Fort Lauderdale, FL 
105 06/04/08 114.00 − M Swordfish Buoy Gear Summer Oakland Park, FL 
106 06/22/08 135.89 29.48 M Swordfish Tournaments Summer Pompano, FL 
107 05/06/08 120.00 − M Swordfish Buoy Gear Spring Hollywood, FL 
108 05/07/08 120.00 − M Swordfish Buoy Gear Spring Fort Lauderdale, FL 
109 11/14/08 144.00 64.86 − Swordfish Buoy Gear Winter Cutler Bay, FL 
110 12/07/08 134.62 26.67 M Swordfish Tournaments Winter Pompano, FL  
111 12/07/08 124.46 23.41 F Swordfish Tournaments Winter Pompano, FL  
112 12/07/08 − 27.22 − Swordfish Tournaments Winter Pompano, FL  
113 12/07/08 − − − Swordfish Tournaments Winter Pompano, FL  
114 12/07/08 129.54 23.41 F Swordfish Tournaments Winter Pompano, FL  
115 11/15/08 129.00 14.51 M Swordfish Buoy Gear Winter Fort Lauderdale, FL 
116 12/07/08 134.62 24.95 M Swordfish Tournaments Winter Pompano, FL  
117 01/18/08 131.00 18.14 M Swordfish Buoy Gear Winter Hobe Sound, FL 
118 12/05/08 142.00 30.25 F Swordfish Buoy Gear Winter Unknown 
119 12/05/08 169.00 47.31 M Swordfish Buoy Gear Winter Unknown 
120 12/05/08 166.00 46.67 F Swordfish Buoy Gear Winter Unknown 
121 12/05/08 176.00 70.31 F Swordfish Buoy Gear Winter Unknown 
122 11/15/08 137.00 26.76 M Swordfish Buoy Gear Winter Fort Lauderdale, FL 
123 06/22/08 203.20 135.35 F Swordfish Tournaments Summer Pompano, FL 
124 08/16/08 175.26 76.66 M Swordfish Tournaments Summer Islamorada, FL 
125 03/03/08 − 22.68 M 
Individual Recreational 
Anglers Spring Unknown 
126 09/14/08 161.29 68.95 M Swordfish Tournaments Summer Miami, FL 
127 11/15/08 194.00 17.69 M Swordfish Buoy Gear Winter Hollywood, FL 
128 12/07/08 233.68 150.14 F Swordfish Tournaments Winter Pompano, FL  
129 09/14/08 180.34 78.93 F Swordfish Tournaments Summer Miami, FL 
130 12/07/08 146.05 42.18 M Swordfish Tournaments Winter Pompano, FL  
131 09/14/08 195.58 91.17 F Swordfish Tournaments Summer Miami, FL 
 
 
